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ABSTRACT
The gamma-ray burst GRB 180720B is very peculiar. On one hand, some interesting features have
been found by performing the detailed time-resolved spectral analysis in the prompt phase. First, the
‘flux-tracking’ pattern is exhibited both for the low energy spectral index α and the peak energy Ep in
the Band function. Second, some parameter relations show strong monotonous positive correlations,
include Ep−F , α−F , Ep−α, and Ep−Lγ,iso for all time-resolved spectra. Lastly, it should be noted
that the values of α do not exceed the synchrotron limits (from − 32 to − 23 ). On the other hand, the
photons with the energy of & 100 MeV were detected by LAT both in the prompt phase and afterglow.
Notably, the 5 GeV photon was observed at 142 s after the GBM trigger. The spectrum of this burst
in the LAT range can be described as Fν ∝ ν−1.3t−1.54±0.02 in the afterglow phase. And there are
six GeV photons during the X-ray flare when the lower energy emission is fading to a weaker level.
We try to give reasonable interpretations of the mechanism for prompt emission and the high energy
emission (100 MeV to GeV) in the afterglow. The interpretations suggesting that synchrotron origin
can account for the prompt emission and synchrotron self-Compton radiation can account for both the
spectrum and temporal behavior of the 100 MeV to GeV afterglow emission that have been accepted
by us.
Keywords: GeV photons, X-ray flare, synchrotron origin, synchrotron self-Compton radiation
1. INTRODUCTION
Gamma-ray bursts (GRBs) are the brightest explosions in the universe. It’s generally believed that they are from
the black holes or magnetars since the death of massive stars or the mergers of compact binaries (BH-NS or NS-NS)
(Colgate 1974; Paczynski 1986; Eichler et al. 1989; Narayan et al. 1992; Woosley 1993; MacFadyen & Woosley 1999;
Woosley & Bloom 2006; Kumar & Zhang 2015). The observed gamma-ray burst spectra can be fitted well by a function
named Band (Band et al. 1993) both for the time-integrated spectra and the time-resolved spectra. It is pointed out
that the spectral parameters, such as low-energy power law index α and peak energy Ep, are evolves with time instead
of remaining constant. In the early years, Golenetskii et al. (1983), Norris et al. (1986), Kargatis et al. (1994), Bhat
et al. (1994), Ford et al. (1995), Crider et al. (1997), Kaneko et al. (2006) Peng et al. (2009) in the pre-Fermi era
and Lu et al. (2012), Yu et al. (2016), Acuner & Ryde (2018), Li (2018), Yu et al. (2018) in the Fermi era have
shown the evolution characteristics of α and Ep. And the evolution patterns have been summarised as three types in
the pre-Fermi era: (i) they are decreasing monotonically, named ‘hard-to-soft’ trend (Norris et al. 1986; Bhat et al.
1994; Band 1997); (ii) they are increasing/decreasing when the flux is increasing/decreasing, named ‘flux-tracking’
trend (Golenetskii et al. 1983; Ryde & Svensson 1999); (iii) ‘soft-to-hard’ trend or chaotic evolutions (Laros et al.
1985; Kargatis et al. 1994). Recently, it is proved that the first two patterns are dominated both in Lu et al. (2012)
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and Yu et al. (2018). However, it is not very clear for the physical origin of these two patterns. On the other hand,
the correlation analysis for the evolution of the parameters in a single burst is lacking , except for GRB 131231A in
Li et al. (2019) which is a single-pulse burst.
Additionally, since the statistics given by Compton Gamma Ray Observatory told ones that, maybe, it’s originated
from cosmology for GRBs (Meegan et al. 1992). And there are many more astrophysical scientists or astronomical
workers take it as a career in their life to explore the universe probed by GRBs. So, more and more Gamma-Ray
Monitors are born in these years. Especially, the launch of the Swift Gamma-Ray Burst Mission (Swift) with three
instruments (Gehrels et al. 2004) gave birth to a new era of GRBs. The broad-band afterglow light curves were
recorded by the X-ray telescope (XRT) and the UV/optical telescope onboard Swift. It makes one seize a chance to
summarize the standard X-ray afterglow light curve such as Zhang et al. (2006). And the launch of the Fermi Gamma-
ray Space Telescope (Fermi) in 2008 (Atwood et al. 2009) make it possible to detect GRBs in broad energy range both
in the prompt emission and afterglow emission. In fact, there are some GeV photons were detected in some GRBs
in the prompt emission or afterglow emission such as GRB 130427A with GeV photons both in the prompt emission
and afterglow (Ackermann et al. 2014), GRB 940217, a burst that the highest energy photon was detected with the
energy of 18 GeV in the afterglow (Hurley et al. 1994). Some focused on the highest energy photons in the prompt
emission like Takagi & Kobayashi (2005). And others focused on those highest energy photons in the afterglow with
the interpretation of synchrotron radiation (Kumar & Barniol Duran 2009; Gao et al. 2009; Ghisellini et al. 2010; He et
al. 2011; Ackermann et al. 2013b; Liang et al. 2014) very early, but, another named inverse-Compton (IC) emission as
the leading mechanisms for GeV photons was accepted such as Liu et al. (2014) and Ackermann et al. (2014) since the
hypothesis of IC in GeV emission was given by Zou et al. (2009). To our surprise, in the afterglow with GeV emission,
there are two types of inverse-Compton emission with GeV emission during X-ray flares, synchrotron self-Compton
(SSC) radiation arose from the interaction between photons and electrons that create these photons (Me´sza´ros & Rees
1994), and another one is external inverse Compton (EIC) emission due to the interaction between photons and hot
electrons in external shock (Fan et al. 2008).
GRB 180720B, the gamma-ray burst observed by Fermi (co-detected by the Gamma-ray Burst Monitor (GBM)
and Large Area Telescope (LAT)) and Swift (co-detected by the Burst Alert Telescope (BAT) and X-Ray Telescope
(XRT)) recently, is a long, extremely bright and peculiar gamma-ray burst. We can perform the detailed analysis both
for the prompt and afterglow phase with the public data. Especially, it’s very interesting that the α and Ep exhibit
the ‘flux-tracking’ behavior and surprisingly, the highest photons with energy of GeV were found during the X-ray
flare in the early afterglow, which is different from GRB 100728A in mechanism (see Abdo et al. (2011)).
In this work, after perfoming the temporal characteristics analysis and detailed time-resolved spectral analysis of the
multipeaked pulse in the prompt phase in the bright gamma-ray burst named GRB 180720B, we give the Ep and α
evolution patterns. The parameters correlations also will be presented in our analysis. We also analyze the light curves
and spectrum during the X-ray flare in the afterglow of this burst by using Fermi data include GBM and LAT energy
band. At the same time, the public Swift/XRT data was also used to analyze the spectral components of afterglow
emission because there would be an interesting result in the radiation mechanism for gamma-ray afterglow (100 MeV
to GeV) if we take it to account for the mechanism in the afterglow. And then we discuss its physical interpretation
(synchrotron origin or photosphere model) both for the Ep and α evolution pattern with the consideration that the
low-energy power law index α does not exceed the synchrotron limits given by Sari et al. (1998) and we give the
reasonable interpretation of the mechanism for very high energy gamma-ray afterglow.
2. GRB 180720B
The Fermi Gamma-Ray Burst Monitor (GBM) triggered on GRB 180720B (trigger 553789304/180720598) at
14:21:39.65 UT (T0) on 20 July 2018 and its duration (T90) is 49 s with the observation from 50 to 300 keV (Roberts
& Meegan 2018). Then, Fermi-LAT detected high energy emission from the burst at 14:21:44.55 according to Bissaldi
& Racusin (2018). In addition to the Fermi, Swift/BAT triggered the burst at 14:21:44 UT on 20 July 2018 (trig-
ger=848890) (Siegel et al. 2018) with a duration (T90) of 108 s (http://gcn.gsfc.nasa.gov/notices s/848890/BA/).
Similarly, Swift/XRT detected the signal from it (86.5 s after the BAT trigger), and there is a bright flare in the
X-ray band with a duration of more than one hundred seconds (Siegel et al. 2018). And one deduced that the redshift
of the burst is z=0.654 since several absorption features are detected at z=0.654 in Vreeswijk et al. (2018).
In the Fermi data, there are some interesting signatures. For the GBM data, the fluence is 2.985 ± 0.001 ×
10−4erg/cm2 in the 10 keV to 1000 keV energy range over the T90 interval (Roberts & Meegan 2018). The time-
3averaged spectrum (from trigger to 55 s after trigger) is best fit by the Band function (Band et al. 1993) with
Epeak = 631± 10 keV, α = −1.11± 0.01, β = −2.30± 0.03 (Roberts & Meegan 2018) in GBM energy range. It’s very
bright in LAT energy range and the highest-energy photon is detected at 137 seconds after the GBM trigger with the
energy of 5 GeV according to Bissaldi & Racusin (2018), but, in fact, we found that this photon was observed by LAT
at 142 s after the GBM trigger through making likelihood analysis (see Section 3.2.1). Such a photon with the highest
energy in the afterglow is very monstrous like GRB 130427A (Ackermann et al. 2014).
In the Swift data, the observation of BAT shows a multi-peaked structure from trigger to about 150 s after the
trigger (Siegel et al. 2018). The fluence is 8.6± 0.1× 10−5erg/cm2 in the 15 keV to 150 keV energy range (Barthelmy
et al. 2018) according to BAT data. Then, we can find that there is a very bright flare as said above with a duration
of more than one hundred seconds (Siegel et al. 2018) in the X-ray band. If we are careful enough, the phenomenon
would be found easily that there are some GeV photons while the X-ray flare was detected (see Section 3.2.1).
3. DATA ANALYSIS OF GRB 180720B AND THE RESULTS
3.1. Analysis in Prompt Phase
3.1.1. Temporal Characteristics and Time-resolved Spectral Analysis
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Figure 1. Light curve for the Fermi-GBM and LAT detectors during the prompt emission in 0.064 s bins, divided into 5 energy
ranges. We used the CTIME type of GBM data included NaI detectors 6, 7 and BGO detector 1. On the bottom, the open
circles represent the individual LAT ‘transient’ class photons and their energies; the red solid circles indicate those photons with
a ≥ 0.9 probability of being associated with GRB 180720B.
The Fermi data of GRB 180720B that we utilized are available at the Fermi Science Support Center (FSSC).1 We
extract GBM light curve from the TTE (Time-Tagged Events) data by using a Python source package named gtBurst.2
1 https://fermi.gsfc.nasa.gov/ssc/data/access/
2 https://github.com/giacomov/gtburst
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Table 1. Result of Unbinned Maximum Likelihood Analysis in Each Time Interval for GRB 180720B
Time Interval(s) Energy Fluxa Photon Fluxb Photon Index TS value
11–60 (5.99±1.53)×10−8 (2.2±0.56)×10−4 -3.41±0.48 180
60–90 (1.35±0.43)×10−7 (2.32±0.67)×10−4 -2.10±0.29 172
90–105 (1.80±0.68)×10−7 (3.43±1.20)×10−4 -2.20±0.37 120
105–145 (1.17±0.40)×10−7 (1.26±0.41)×10−4 -1.67±0.28 141
145–250 (4.19±1.13)×10−8 (7.29±1.76)×10−5 -2.11±0.24 185
250–550 (6.79±2.58)×10−9 (1.17±0.39)×10−5 -2.09±0.34 68
550–1000 6.95×10−9 1.09×10−5 – 11
4500–6900 1.56×10−9 2.44×10−6 – 10
a In the unit of ergs·cm−2s−1; values without uncertainty are upper limits.
b In the unit of photons·cm−2s−1; values without uncertainty are upper limits.
For the LAT data, we also used the gtBurst code to make unbinned maximum likelihood analysis. According to Ajello
et al. (2019), we selected the Pass 8 P8R2 TRANSIENT020E V6 event class and the corresponding response function
for the time window starting at the trigger time T0 and ending at 100 s after the GBM trigger (bottom panel in Figure
1). Another time window starting at the trigger time T0 and ending at 10000 s after the GBM trigger, we selected
the Pass 8 P8R2 TRANSIENT010E V6 event class and the corresponding response function (Table 1). We consider
an ROI centered on with a radius of 12◦ from 100 MeV to 5 GeV. Those photons with the zenith angle smaller than
100◦ were considered to reduce the contamination of the gamma photons from the earth limb. Then we run the tool
gtsrcprob to compute the probability of being associated with GRB 180720B for each photon. All of the photons which
have a probability larger than 90% have been presented in the bottom panel in Figure 1. To complete this analysis,
we also take RMFIT as the tool of making the spectral analysis. We perform the spectral analysis by using the data of
two NaI detectors (n6, n7) and one BGO detector (b1) on Fermi/GBM. The energy range for each spectrum covered
from 10 keV to 40 MeV. And the background photon counts were estimated by fitting the light curve before and after
the burst with a one-order background polynomial model. We selected the interval from 0 s to 55 s after the GBM
trigger as the source. The signal-to-noise ratio (S/N) with a value of 30 was used in all of these slices. We gave up
the use of LAT data because of its lower impact for peak energy Ep and low energy spectral index α besides the fewer
photons in the detailed time-resolved spectral analysis, but we make the joint GBM and LAT (include LAT-LLE)
spectrum from 11 s to 55 s in the prompt phase (see Figure 2). And they all can be fitted well by Band (Band et al.
1993). The goodness-of-fit in our analysis by reduced χ2. The best-fitting results for all of these slices are presented
in Table 2.
For GRB 180720B, the temporal profile of the emission varies with energy from 10 keV to 5 GeV (Figure 1). The
GBM light curve is a multipulse structure consists of an initial continuedly multipeaked emission episode lasting for
a dozen seconds (∼8-20 s), a sharp pulse with a lower amplitude at about 30 s after the trigger, and another sharp
pulse with the lowest amplitude at about 50 s in the prompt phase (Figure 1). The LLE light curve is sharper than
the other detectors-detected emission although it also exhibits a multipeaked structure. They have counterparts in
the GBM energy range for these peaks. However, the LAT-detected emission is the weakest which has fewer photons
with a ≥ 0.9 probability of being associated with this burst.
In the unbinned maximum likelihood analysis (Table 1), the photons were divided into 8 time intervals. We added
the “Galactic diffuse” and “isotropic diffuse” components. A single power-law spectrum with its “normalization” and
“spectral index” being allowed to vary was assumed for this burst. The TS value in each time interval is larger than
9. The fact that the TS values are very large indicates that most of the photons are associated with the burst in our
analysis.
As we can see from Figure 1, there are no photons with energies greater than 1 GeV from 11 s to 55 s in the prompt
emission for GRB 180720B. With the photon statistics permission for the LAT data, we make the joint GBM and LAT
(include LAT-LLE) time-averaged νFν spectrum in this time interval (Figure 2). We selected the NaI detectors with
the energy range from ∼ 8 keV to 900 keV, the BGO detector with the energy range from 200 keV to 40 MeV, the
LLE detector from 40 MeV to 100 MeV, the LAT detector from 100 MeV to 1 GeV, which indicate the energy range
5Figure 2. The joint GBM and LAT (include LAT-LLE) spectrum from 11 s to 55 s in the prompt phase. The Band function
was adopted to make the best-fitting, with α ∼ −1.21, β ∼ −2.89, Ep ∼ 800 keV. The deep-pink solid line shows the best-fitting
result. The energy range from 8 keV to 1 GeV.
covered from 8 keV to 1 GeV completely. The Band function with α ∼ −1.21, β ∼ −2.89, Ep ∼ 800 keV described
the spectrum, which means that they share a common origin for low energy emission and high energy emission in the
prompt phase.
3.1.2. The Peculiar Characteristics of the Spectral Evolution in GRB 180720B: ‘flux-tracking’ patterns for α and Ep
As we all know, it may suffer from the influence of the complex central engine for multipulse gamma-ray burst
so that many of the properties are harder to analyze than the single-pulse. But it’s different in our case, for GRB
180720B, which is a multipulse structure described as Section 3.1.1. The temporal evolution of Ep and α display the
significant ‘tracking’ trends along with photon counts, especially, the ‘flux-tracking’ trends are also shown in Figure 3
although it’s the multipulse burst instead of the single-pulse like GRB 131231A in Li et al. (2019), which is also the
‘flux-tracking’ pattern both for its Ep and α in all time-resolved spectra.
Recently, the discovery that there are only 8 out of 38 bursts display ‘flux-tracking’ trend for Ep was reported in Yu
et al. (2018). On the other hand, they also pointed out that the α evolution has no strong general trend. In general,
the multipulse bursts would be more complex if the single-pulse are irregular for the evolution of Ep and α. However,
the fact that both Ep and α exhibit the ‘flux-tracking’ patterns suggests that the spectral evolution for GRB 180720B
is very peculiar, which is a multipulse structure in the prompt phase. For the single-pulse, the individual parameter
relations will show strong monotonous positive correlations in both the rising and decaying wings since both the Ep
and α exhibit the ‘flux-tracking’ patterns like GRB 131231A in Li et al. (2019). So, we guess that the signature
will emerge that the individual parameter relations may show strong monotonous positive correlations across the
whole pulse in multipulse GRB 180720B with the ‘flux-tracking’ behaviors of Ep and α. In the following, the detailed
parameter correlation analysis will be present.
3.1.3. Parameter Correlation Analysis
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Table 2. Results of the Time-resolved Spectral Fits for GRB 180720B
t1 ∼ t2 a α β Ep flux χ2/dof Red.χ2
s keV ×10−6erg/cm2/s
(1) (2) (3) (4) (5) (6) (7)
3.552∼5.467 -0.95±0.02 -2.31±0.09 1048±85.5 8.5±0.11 373.70/355 1.05
5.467∼7.524 -0.97±0.02 -2.20±0.08 708.5±56.9 7.1±0.12 398.45/355 1.12
7.524∼8.591 -0.90±0.02 -2.12±0.06 965.7±72.0 15±0.19 342.18/355 0.96
8.591∼10.223 -1.01±0.02 -2.20±0.07 616.8±40.4 11±0.15 415.64/355 1.17
10.223∼11.667 -0.95±0.01 -2.36±0.07 953.4±53.2 16±0.16 393.96/355 1.11
11.667∼13.306 -1.00±0.02 -2.17±0.06 569.3±37.5 10±0.15 385.08/355 1.08
13.306∼14.713 -0.94±0.02 -2.19±0.06 432.7±25.4 11±0.15 469.61/355 1.32
14.713∼15.029 -0.94±0.03 -2.58±0.22 719.6±68.5 17±0.38 320.21/355 0.90
15.029∼15.415 -0.89±0.05 -2.03±0.08 310.2±35.1 11±0.24 371.88/355 1.05
15.415∼16.024 -0.90±0.02 -2.28±0.07 782.7±50.0 23±0.31 445.08/355 1.25
16.024∼16.597 -0.84±0.02 -2.12±0.04 838.3±41.2 41±0.42 438.27/355 1.23
16.597∼17.257 -0.96±0.02 -2.08±0.05 526.8±35.2 21±0.29 387.41/355 1.09
17.257∼17.649 -0.86±0.02 -2.53±0.10 685.2±35.8 35±0.47 402.40/355 1.13
17.649∼18.171 -1.04±0.03 -2.17±0.08 420.7±35.2 16±0.27 360.66/355 1.02
18.171∼18.979 -1.05±0.03 -2.31±0.10 294.2±20.5 11±0.17 388.69/355 1.09
18.979∼19.358 -1.12±0.03 -2.61±0.25 525.6±47.4 16±0.35 338.27/355 0.95
19.358∼21.215 -1.25±0.05 -1.98±0.05 179.6±23.5 4.3±0.073 388.28/355 1.09
21.215∼27.937 -1.35±0.02 -2.12±0.08 232.3±21.2 2.8±0.037 471.65/355 1.33
27.937∼29.473 -1.19±0.02 -2.42±0.19 459.1±40.9 6.5±0.13 343.86/355 0.97
29.473∼29.874 -1.00±0.04 -2.28±0.15 324.1±34.5 9.8±0.24 354.26/355 0.99
29.874∼30.055 -0.83±0.03 -3.11±0.36 883.2±64.8 34±0.63 357.71/355 1.01
30.055∼31.524 -1.22±0.02 -2.89±0.52 545.7±47.9 6.9±0.13 326.67/355 0.92
31.524∼48.247 -1.33±0.06 -1.91±0.06 161.0±31.3 0.85±0.019 393.70/355 1.11
48.247∼55.040 -1.16±0.02 -2.29±0.15 364.3±30.8 2.5±0.042 382.68/355 1.08
aTime intervals.
The parameter correlation analysis is important to reveal the radiation mechanism of GRB in the prompt. These
correlations such as Ep − F , α − F and Ep − α correlations are shown in Figure 4 and Figure 5. Besides, another
key correlation of Ep − Lγ,iso was also carried in Figure 5. The time-resolved Ep − F in GRB 180720B shows a
strong positive correlation through the whole pulse. The best linear fit is logEp/(keV)=(4.48±0.46)+(0.35±0.09)×
logF/(erg/cm2/s), with number of data points N = 24, the Pearson’s linear correlation coefficient r = 0.62. The
best linear fit is α=(0.72±0.24)+(0.35±0.05)× logF/(erg/cm2/s) (N = 24, r = 0.84) for the time-resolved α − F
correlation. This α−F relation for GRB 180720B is very similar to the Ep−F relation, they show a strong monotonic
positive relation. However, it seems that GRB 180720B is a special case in multipulse GRBs, since the fact that the
power-law indices for the α − F and Ep − F relations are same is quite surprising. Besides, there are two important
relations as shown in Figure 5. One is the strong monotonic positive relation between Ep and α, with the best linear
fit of logEp/(keV)=(3.77±0.22)+(1.02±0.22)×α (N = 24, r = 0.70). It’s obvious that the value of α does not exceed
the synchrotron limits (− 32 to − 23 ). The known redshift with the value of z = 0.654 can make us calculate the
isotropic luminosity for each spectrum. So, another one is Ep−Lγ,iso relation as shown in the right panel of Figure 5.
The gray filled circles represent the sample in Yonetoku et al. (2010) were carried for comparison. Our best linear fit
is logEp/(keV)=(-15.91±4.28)+(0.36±0.08)×logLγ,iso(erg/s) (N = 24, r = 0.68) for GRB 180720B. The Yonetoku’s
sample gives logEp/(keV)=(-24.41±1.37)+(0.51±0.03)×logLγ,iso(erg/s) (N = 101, r = 0.89). Then, it’s obvious that
most of the data points do not exceed the 2σ dispersion.
3.2. Analysis During High Energy Emission Phase
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Figure 3. The two of top represent the light curves of the prompt emission for GRB 180720B (the left-hand y-axis), along
with time evolution of the Ep (left-panel) and α (right-panel), both are marked with red stars in the right-hand y-axis. The
‘tracking’ signature emerges both for Ep and α. The two of bottom represent the temporal characteristics of energy flux for
GRB 180720B (the left-hand y-axis), along with time evolution of the Ep (left-panel) and α (right-panel), both are marked with
red stars in the right-hand y-axis. The ‘flux-tracking’ signature emerges both for Ep and α.
As said in Section 3.1.1, the Fermi data of GRB 180720B that we utilized are available at the Fermi Science Support
Center (FSSC). We also extract the LAT light curve and spectrum by using a Python source package named gtBurst.
We used the same method with Section 3.1.1 include the same parameters setting. The Swift/XRT light curve and
spectra are taken from the Swift Analyzer.3 To complete this analysis, we also take RMFIT and Xspec as the tools
of making the spectral analysis.
3.2.1. Temporal Analysis
The results of our analysis that the temporal profile of the emission from GRB 180720B varies with energy from 10
keV to 5 GeV are shown in Figure 6. It represents the whole light curves from the prompt to afterglow phase on the
3 http://www.swift.ac.uk/burst analyser/00848890/
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top. While, the photons with energy of & 100 MeV in the Fermi-LAT data are presented at the bottom of Figure 6.
The fact that the highest energy photons with energy of GeV were observed during the X-ray flare has emerged.
The GeV photons were detected at about 60 s after the trigger. It’s not disappeared until the highest energy photon
(5 GeV, ∼ 142 s) arise for this phenomenon. It remained that many MeV photons were observed in the afterglow.
And the LAT photon flux light curve can be well fitted by a power-law read as:
F1 = F01t
−α (1)
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Figure 6. Temporal characteristics. The upper panel shows that multi-wavelength light curves from the prompt to afterglow
phase of GRB 180720B from the X-ray band to gamma-ray energy range. The LAT photon flux light curve (red) can be
well fitted by a power-law. A signature of observation with GeV emission during the X-ray flare also can be found. And the
bottom panel represents the individual LAT photons and their energies. The open circles represent those photons with a ≥ 0.9
probability of being associated with the burst, the red solid circles indicate the GeV photons (≥ 0.9). The photon index obtained
by likelihood analysis is ΓLAT ∼ −2.3.
(where α is the decay indice) in Logarithmic Timescale with the best fit temporal index is 1.54± 0.02, which is similar
to other Fermi-LAT bursts (Ackermann et al. 2013a). One can find that the prompt gamma-ray emission detected
by Swift/BAT is consistent with Fermi/GBM observation from Figure 6. There is a very bright flare in the X-ray
band while they were fading to a weaker level for GBM and BAT light curves. Without considering the fluctuation of
the flare, it can be fitted well by a smoothly broken power law, which is read as:
F = F02[(
t
tb
)ωα1 + (
t
tb
)ωα2 ]−1/ω (2)
where ω measures the sharpness of the peak. Then we get αX,1 = 5.33 ± 0.06, αX,2 = −5.96 ± 0.28, tb = 108s, and
ω = 3. The rapid increase and decrease of the flux imply that it would be the activity of the central engine in this
burst. It means that it comes from the internal for this flare. Moreover, the X-ray afterglow light curve was fitted well
by a double smoothly broken power law (see Figure 7).
On the other hand, to our surprise, the GeV observations of this burst are weaker than other LAT-bursts such as
GRB 940217 (Hurley et al. 1994), GRB 130427A (Zhu et al. 2013), GRB 131231A (Sonbas et al. 2013) and GRB
160625B (Dirirsa et al. 2016), but, there are six photons with energy of GeV, a 1.2 GeV photon at T0 + 97.8s, a 3.8
GeV photon at T0+102s, a 2.45 GeV photon at T0+112s, a 5 GeV photon at T0+142s, a 1.3 GeV photon at T0+169s,
a 1.2 GeV photon at T0 + 218s, after the trigger observed by LAT during the first X-ray flare while the lower energy
emission is fading. This implies the fact that the GeV flare arises at the same time the X-ray flare appears. Moreover,
it also means that the GeV emission associated with the X-ray flare.
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Figure 7. Temporal characteristics. The upper panel shows the X-ray afterglow light curve of GRB 180720B fitted well by
a double smoothly broken power law. And the bottom panel represents the individual LAT photons and their energies. The
open circles represent those photons with a ≥ 0.9 probability of being associated with the burst, the red solid circles indicate
the GeV photons (≥ 0.9). A signature of observation with GeV emission during the X-ray flare also can be found.
3.2.2. Spectral Analysis
The results of our analysis of spectral energy distributions in the afterglow phase from lower energy to GeV range
are shown in Figure 8 according to the photon statistics permission. The νFν spectrum (from about 94 s to 220 s
after the trigger) by using the data select combined with NaI (n6, n7), BGO (b1) and LAT is well fitted by Band
function (Band et al. 1993) with the superposition of power law which is extended to high energy (χ2/dof = 1.10).
For the first function, Epeak ∼ 57.21 ± 18.40 keV, α1 ∼ −1.07 ± 0.46, β ∼ −2.12 ± 0.33, and α2 ∼ −1.74 ± 0.61 for
the second function. At the same time, the neutral hydrogen density of the Milky Way in the burst direction is
NH = 3.92 × 1020cm−2. With the neutral hydrogen absorption of the GRB host galaxy is taken into account, we
found that a single power-law function is adequate to fit the X-ray time-averaged spectrum with the photon index
ΓX = −1.76 ± 0.03 (χ2/dof = 1.11). To our excitement, the Band function with the superposition of power law can
be extrapolated to the X-ray range from Fermi energy range. In a words, the joint XRT, GBM and LAT spectrum
can be fitted well by a Band function with the superposition of power law which is dominated in high energy emission.
And we obtain the photon index ΓLAT ∼ −2.3 (shown in Figure 6) by making likelihood analysis using all 100 MeV to
5 GeV photons, which is consistent with the indices of other LAT bursts (Ackermann et al. 2013a). In other words, the
spectral index βLAT ∼ 1.3 is available for Fν ∝ ν−βt−α because of βLAT ∼ −ΓEXT − 1 (EXT is the interval between
the end of GBM detected and LAT-detected emission), where is read as: ΓLAT (Ackermann et al. 2013a).
We present the photons with energy of & 100 MeV in the Fermi-LAT data in the bottom panel of Figure 6 and
Figure 7. As shown in Figure 6, there are some photons with energy of & 100 MeV while the low energy emission is
fading to a weaker level. There are six GeV photons during the first X-ray flare. The data may throw out a challenge
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Figure 8. Spectral characteristics. The joint GBM and LAT spectrum from 94 s to 220 s. The deep pink solid line shows the
best-fit model of the spectrum described in Section 3.2.2, i.e., the Band function with the superposition of power law. In a lower
energy range, about 8 keV to 200 keV, it’s dominated by Band function for the spectrum. But in the high energy range (100
MeV to GeV), the power law function is the most important instead of Band function.
to the theoretical model at any moment. It’s attaching us to search for the mechanism of those monstrous photons in
this burst, more details will be discussed later.
3.2.3. Comparison of the very high energy emission of GRB 180720B with GRB 100728A, GRB 131231A and GRB 130427A
There are many LAT-bursts since the launch of Fermi from 2008. The photons with energy of & 100 MeV usually
are detected in the prompt or afterglow phase for gamma-ray bursts. And it’s reported that the GeV photons were
detected (include tens of GeV) sometimes such as GRB 100728A (Abdo et al. 2011), GRB 130427A (Zhu et al. 2013)
and GRB 131231A (Sonbas et al. 2013). They are also very particular.
The redshift z = 0.654 of the burst is similar to GRB 131231A with the redshift of z = 0.643, which is a factor of two
larger than GRB 130427A. While the redshift of GRB 100728A is a factor of two larger than the GRBs 180720B and
131231A. Photons with the energy of tens of GeV were found in GRBs 131231A, 130427A and GRB 100728A while in
GRB 180720B just the GeV photons within 10 GeV were collected. We note that the isotropic energy Eγ,iso ∼ 1053ergs
of GRB 180720B is similar to GRB 131231A in the prompt phase. This value is a factor of 10 smaller than GRB
130427A and GRB 100728A. But, there are something in common with GRB 100728A for this burst. Some GeV
photons are observed by LAT during the X-ray flare both in GRB 180720B and GRB 100728A(Wang & Dai 2013).
All four have similar photon index with ΓLAT ∼ −2 (In general, it is ∼ −2 for LAT-bursts.).
With these similarities, we infer that they are produced with a similar physical mechanism to the GeV photons
(or those photons with energy of 100 MeV to GeV) in GRBs 180720B, 131231A, 130427A and 100728A as it has
been proved that the high energy component is produced by synchrotron self-Compton emission in refreshed shock
originated from the reactivation of the central engine in GRB 131231A (Liu et al. 2014), GRB 130427A (Ackermann
et al. 2014) and GRB 100728A (Wang & Dai 2013). We expect that there are new discoveries, and more details will
be discussed later.
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4. DISCUSSION
4.1. Origin of the Prompt Spectral Evolution Characteristics for GRB 180720B
For the features of GRB 180720B in the prompt, they can be summarized as: (i) the prompt emission is a multipulse
structure; (ii) the ‘flux tracking’ behavior emerged both for Ep and α; (iii) four parameter relations, Ep − F , α − F ,
Ep − α and Ep − Lγ,iso, exhibit the strong positive correlations during the prompt interval; (iv) the value of lower
energy photon index α does not exceed the synchrotron limits; (v) The joint GBM and LAT (include LAT-LLE)
time-averaged νFν spectrum from 11 s to 55 s can be fitted with a single Band function. In the following, we will
discuss the origin of the prompt emission in GRB 180720B through the ‘flux-tracking’ behavior for the Ep and α of
spectral evolution within the frameworks of the synchrotron and photosphere model.
The relation of Ep ∝ L1/2γ2e,chR−1(1 + z)−1 can be derived from Zhang & Me´sza´ros (2002) in the synchrotron
model, where L is the ‘wind’ luminosity of ejecta, γe,ch is the typical electron Lorentz factor of emission region, R is
the emission radius, and z is the redshift of the burst. Then, it is possible that the tracking behavior emerged since
the relation of Ep ∝ L1/2. On the other hand, Uhm et al. (2018) pointed out that the ‘flux-tracking’ behavior could be
reproduced successfully within the synchrotron radiation model. In this model, for the α evolution with ‘flux-tracking’
pattern, the α is increasing/decreasing while the flux is increasing/decreasing. As said in Li et al. (2019) for GRB
131231A, it could be attributed to the fact that the electron distribution is getting harder if it is the synchrotron origin
for the hardening α before the first highest peak. Both the decaying magnetic field in the emission region (Deng &
Zhang 2014) and the synchrotron self-Compton (SSC) cooling of electrons (Geng et al. 2018) can make the electron
spectrum hardening. The increase of Lorentz factor γe,ch of emitting electrons when the R is larger and the decay
of magnetic field will make the electron spectrum to be hard. And the ratio of the radiation energy to the magnetic
energy is rising since the flux is increasing, then, the SSC cooling of electrons is more significant so that the α to be
harder.
Similarly, the relation of Ep ∝ L−5/12r1/60 Γ8/3 for the Rph > Rs and the relation of Ep ∝ L1/4r−1/20 for the Rph < Rs
can be derived for photosphere model, where r0 is the initial acceleration radius, Γ is the bulk Lorentz factor, Rph is the
radius of photosphere, and Rs is the saturation radius. The anti-correlation is found between Ep and L. Deng & Zhang
(2014) pointed out that the observed ‘hard-to-soft’ and ‘flux-tracking’ behavior are both not easy to be reproduced in
this model when they satisfy the relation of Rph > Rs between the radius of photosphere and saturation radius unless
a certain dependence between Γ and L is exist. However, the two observed Ep evolution patterns of ‘hard-to-soft’ and
‘flux-tracking’ can be reproduced when the Rph < Rs since the relation of Rph ∝ L is certain (Meng et al. 2019, which
is told in preperation in Li et al. (2019)). On the other hand, in this model, the ‘hard-to-soft’ pattern is predicted for
the α evolution, which is different from complexity of the Ep evolution.
For GRB 180720B, both the Ep and α track the flux tightly in the prompt. In consideration of these prompt spectral
evolutions, the interpretation that synchrotron origin can account for the coexist of the ‘flux-tracking’ behaviors for the
Ep and α, but the photosphere origin is invalid. And another important evidence that can support the interpretation
of synchrotron origin is that the values of α during the prompt interval do not exceed the synchrotron limits by
performing the detailed time-resolved spectral analysis. Besides, the most important is that the joint GBM and LAT
(include LAT-LLE) time-averaged νFν spectrum from 11 s to 55 s in the prompt phase can be fitted well by a Band
function without the additional power-law component extend to the LAT emission (see Section 3.1.1), which indicates
that the low energy emission and high energy emission in the prompt phase from the burst share the common origin.
Then, there is no doubt that the synchrotron origin can account for the mechanism of the prompt emission in this
burst from lower energy to 1 GeV emission.
4.2. Origin of the High Energy Emission during the X-ray Flare for GRB 180720B
Here, we expect that the high energy emission can be used to constrain the afterglow model. A spectrum as
Fν ∝ ν−1.3t−1.54±0.02 (see Section 3.2.1, 3.2.2) from 100 MeV to 5 GeV in LAT-bursts can be roughly accounted not
only by synchrotron radiation but also can be interpreted by synchrotron self-Compton radiation. It can be accounted
for by synchrotron radiation if the injected electrons have an index with a value of p ∼ 2.6 and it is above both the
cooling frequency (νc) and typical frequency (νm) for the band selected by us (Zhang & Me´sza´ros 2004). Another case
is synchrotron self-Compton radiation with an index of p ∼ 2.6 and the band is above both the νc and νm without the
evolution of Y named Compton parameter (Wei & Fan 2007; Fan & Piran 2008). One pointed out that it is likely to
be the fast-cooling part for LAT-detected & 100 MeV emission (Sari et al. 1998; Granot & Sari 2002). Whereas, it’s
also available to use the interpretation by fast-cooling for both the first and second case. In the next 4 paragraphs,
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we will address the question: how to identify the mechanism of the high energy emission during the X-ray flare in the
afterglow for this burst, synchrotron radiation or synchrotron self-Compton radiation?
Firstly, for the GeV emission, the two conditions are required to allow the GeV emission to be observed. One is that
the source has to be optically thin for pair production as said in Abdo et al. (2011), the lower limit on the Lorentz
factor is
Γ ≥ Γγγ ≈ 30E1/6GeV t−1/6v D1/328 (
1 + z
2
)1/3 (3)
(Equation (1) in Abdo et al. (2011)) when the value of 2 was thought as photon index value from Lithwick & Sari
(2001). Then the Γ will change while the tv named the shortest time scale is variable. If the X-ray flare is related
to the activity of the central engine, one derives Γγγ ∼ 95E1/6GeV by assuming tv = 10−3 s for this burst. Based on
the above assumption, Γ ≈ 124.22 is required to allow the 5 GeV photon to be observed at 142 s after the burst.
And another condition is derived by requiring that the Γ is large enough to make the blast wave accelerate electrons
produce photons of energy EGeV through synchrotron radiation:
Γ > 60(
1 + z
2
)EGeV (4)
(Equation (3) in Abdo et al. (2011)) without the consideration of Y (named Compton parameter) evolution. We can
derive the constrain of Lorentz factor in the emitting region, i.e., Γ > 248 from the two conditions. Whereas, the
low critical initial Lorentz factor Γc ∼ 185 was derived from the Equation (1) in Zhang et al. (2003) for this burst. It
makes the Lorenz factor at any moment in the afterglow is lower than this value because of the relationship of Γ ∝ t− 38 .
Based on the two conditions, we can point out that, simply but robustly, synchrotron radiation cannot produce the
photons with the value of GeV. In fact, the GeV emission has been thought to arise from external inverse Compton
(EIC) or synchrotron self-Compton (SSC) (Fan et al. 2008). And it’s worth noting that, one pointed out that, it seems
that they are produced by EIC instead of SSC for the GeV photons during the X-ray flare detected by Fermi/LAT
(Fan & Piran 2006; Fan et al. 2008; Wang et al. 2006; He et al. 2012), while the GeV photons were observed during the
first X-ray flare in this burst as said above. Here, another different explanation will be useful, in which the detected
GeV photons are produced by SSC in the refreshed shock from the reactivation of the central engine. As mentioned
in Fan et al. (2008), there are some differences between EIC and SSC for the GeV emission during the X-ray flare.
They originate from the reactivation of the central engine both for EIC and SSC, but, the latter is produced by the
interaction from photons and electrons both in shocks. And another one comes from the interaction between photons
(those photons move to external shocks later) and hot electrons in the external shocks. In a word, the former is
originated by later internal shock but it’s produced by the refreshed shocks due to the encounter between the later
shell and external shocks. Just because this, higher energy photons would arrive at a later time compared with the
lower photons in the former, but, they arrive at the same time in the latter. In a word, it’s expected that there are
observations of the GeV flash associated with the X-ray flare both in the former and latter, but we can identify them
through comparing the time of arrival between GeV flash photons and X-ray flare photons. No doubt, in our burst,
it’s obvious that the maximal probability is synchrotron self-Compton for GRB 180720B.
Secondly, for the LAT emission, the Ek with the value of ∼ 1057ergs is necessary to produce flux ∼ 10−7erg/cm2/s
at ∼ 100 s for synchrotron radiation. It seems unrealistic. There is no doubt that it should give up to give a
reasonable interpretation using the thought that the LAT emission derived from synchrotron radiation. While the
interpretation that the LAT emission arisen from synchrotron self-Compton radiation can be called up for this burst.
In the synchrotron self-Compton radiation model, as summarized by Fan & Piran (2008), it is possible to produce
such a flux. From the Equations (52) and (53) in Fan & Piran (2008), through estimating the value of flux with the
equation:
νFν = ν(
ν
νm
)−
p
2 (
νm
νc
)−
1
2Fν,max (5)
The flux ∼ 10−7erg/cm2/s is allowed during the interval using the two characteristic frequencies and the above
equation in SSC. As described above, it is very reasonable to interpret the spectrum using synchrotron self-Compton
radiation. The model β ∼ p2 , α ∼ 9p−108 without evolution of Y (Compton parameter) (Wei & Fan 2007; Fan & Piran
2008) is consistent with both the spectrum data and the temporal behavior in the environment of interstellar medium
when electrons are in the fast cooling phase.
Thirdly, it is inadequate to fit the joint spectrum (XRT, GBM and LAT) as described in Section 3.2.2 by using
a single function. The superposed power-law function has to be used to extend to the high energy emission of LAT
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instead of a single Band function. And it’s found that it is important both for GeV energy range and sub-GeV energy
range in LAT. In general, the low energy emission which is dominated by Band function is thought as the origin of
synchrotron radiation. So, to interpret the additional power-law component, the synchrotron self-Compton radiation
must be called for.
All of the three points in the past 3 paragraphs gives a clear interpretation that those high energy photons during
the X-ray flare were originated from another mechanism instead of the traditional synchrotron radiation, which means
one can accept the interpretation that synchrotron self-Compton radiation can account for this type of high energy
afterglow emission. Moreover, if the seed photons with lower energy were produced due to the reactivation of the
internal central engine, we can regard them as the internal origin for the high energy photons during the X-ray flare.
In a word, they originated from the internal and produced by synchrotron self-Compton radiation for those high energy
photons during the X-ray flare for GRB 180720B.
5. CONCLUSION
GRB 180720B is a long, very bright and peculiar burst with the multipulse structure . It can be representative of
the multipulse bursts. In this work, we performed the detailed temporal characteristics analysis and spectral analysis
both for the prompt phase and afterglow phase in this burst. There are some interesting features in our study:
1. The ‘flux-tracking’ pattern exhibited both for Ep and α in the prompt phase.
2. There are four strong positive correlations such as Ep − F , α − F , Ep − α and Ep − Lγ,iso during the prompt
interval.
3. The value of lower energy photon index α does not exceed the synchrotron limits in the prompt phase.
4. A single Band function is adequate to fit the joint GBM and LAT (include LAT-LLE) spectrum from 11 s to 55
s after the GBM trigger.
5. There are six GeV photons were detected during the X-ray flare in the afterglow.
6. The joint GBM and LAT spectrum can be fitted well by the Band function with the superposition of power-law
extends to the LAT range when the six GeV photons were detected.
The fact that the Band function can fit the joint time-averaged νFν spectrum without the additional power-law
component extend to the LAT emission and the Ep, α exhibit the ‘flux-tracking’ patterns implies that it is synchrotron
origin in the prompt phase for GRB 180720B. And at last, we must accept the interpretation that the high energy
emission during the X-ray flare is originated from synchrotron self-Compton radiation in light of all the evidence in
Section 4.2.
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